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SYSTEM AND METHOD(S> OF BLENDED MINE PLANNING, DESIGN AND 

PROCESSING 

FIELD OF INVENTION 

The present invention tBiates to the field of extracting resource(s) from a 
5 particular location. In particular. Hie present invention relates to the planning, 
design and processes rdated to a mine location In a manner based on enhancing 
the extraction of material considered of value, relative to the effort and / or time In 
extracting that material. In one fbrm. the present invention relates to mining, nrtine 
planning and design which enliances blending of material and / or resource(s} 

10 extracted. 

BACKGROUND ART 

In tiie mining Industry, once material of value, such as ore situated below 
the surface of the ground, has been discovered, there exists a need to extract 
that nrtatetlal from the ground. 

16 In the past, one more traditional method has been to use a relatively large 

open cut mining techruque, whereby a great volume of waste material Is removed 
from the mine site in order for the miners to reach ttie material considered of 
value. For example, refening to Figure 1, the mine 101 Is shown with its valuatrie 
material 102 situated at a distance below the ground surface 103. In the past, 

20 most of the (waste) material 104 had to be removed so ttiat the v^uable material 
102 could be exposed and extracted from the mine 101. In the past, this waste 
materia! was removed in a series of progressive layers 105. which are ever 
diminishing In area, until the valuable material 102 was exposed for extraction. 
This is not considered to ise an effident mining (xocess, as a great deal of waste 

25 material must be removed, stored and returned at a later time to ttie mine site 
101, In order to extract the valuable material 102. It Is desirable to reduce the 
volume of waste material that mudt be renroved prior to extracting the valuable 
material. 

The open cut method exemplified In Figure 1 Is viewed as particularly 
30 Inefficient where the valuable resoMrce Is located to one side of the pit 105 of a 
desirable mine site 101. For exarr^le. Figure 2 illustrates such a situation. The 
valuable material 102 is located to one side of the pit 105. In such a situation, it la 
not considered efficient to remove tiie waste material 104 fifom region 206, that Is 
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where the viBSte material i8 nol located relatively close to the valuable material 
102. but It is considered desirable to remove the waste material t04 ftom region 
207 that is where It Is located nearer to the valuable material 102. This then 
brInU other considerations to the fore. For example, rt would be desirable to 
5 delemilne the boundary between regions 206 and 207. so that not too much 
undesirable waste material is removed (region 206). yet enough Is removed to 
ensure safety factore are conskleied. such as caverns, etc This then leads to a 
further consideration of the need to design a 'pif 105 with a relatively optimal 
design having oonslderaOon for Ihe location of ihe valuable material, relative to 
10 the waste material and other issues, such as safWy factors. 

This further consideration has led to an analysis of pit design, and a 
technique of removing waste material and valuable material called 'pushbadcs*. 
This technique Is lllustreled in Rgure 3. Basically, the pit 105 Is designed to an 
extent that the waste material 104 to be removed Is minimised, but stiil enabling 
15 extraction of the valuable material 102. The technique uses 'blocks' 308 whlcti 
represent smaller volumes of material. The area proximate the valuable matenal 
is divided into a number of btocteSOS. It Is then a matter of determining which 
blocks need to be removed In order to enable access to the valuable matenal 
102. This detennlnaflon of 'blocks 308'. then gives rise to the design or extent of 
20 the pit 105. 

Figure 3 represents the mine as a two dimensional area, however, it 
shoukl be appreciated lhalthe mine is a three dimensional area. Thus ihe blocks 
308 to be removed are detennined in phases, and cones, which represent more 
accurately a three dimensional 'volume' which volume will ultimately fbnn the pit 
25 105. 

Further consideration can be given to the prior art situation lllustreted in 
Figure 3. Consideration should be given to the scheduling of the removal of 
blocks. In effect, what Is the best order of bto«* removal, when other business 
aspects such as time/value and discounted cash flows are taken Into account? 
30 There is a reed to find a relatively optimal order of bUx* removal which gives a 
relatively maximum value for a relatively minimum effort/time. 

Attempts have been made In the past to find this -optimum' block order by 
detemiining which block(s) 308 should be removed relaBve to a 'viblation free' 
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order- Turning to the lllustrafion in Figure 4. a pit 105 te shown with valuable 
material 102. For the purposes of discussion, if ft was desirable io reitwve block 
414, then there is considered to be a Srtolatlortf If we determined a schedule of 
block removal which started by rertiowlng block 414 or blocks 414. 412 & 413 
5 before blocks 409. 410 and 411 vwere removed. In other words, a violation free 
schedule would seek to remove other blocks 409. 410. 411, 412 and 413 before 
block 414. (It is Important to note that the block number does not necessarily 
indicate a piefiarenlial order of block removal). 

It can also be seen that this block scheduling can be extended to the entire 
10 pit 105 In order to remove the was«s material 104 and the valuable material 102. 
With this violation ftee ortler schedule in mind, prior art attempts have been 
made. Figure 5 Hlustiates one such attempt Taking the blocks of Figure 4. the 
blocks are numbered and sorted according to a 'mineable block order' having 
regard to practical mining techniques and other mine factors, such as safety etc 
16 and is lilustraited by table 615. The blocks In table 515 are then sorted 516 with 
regard to Net Present Value (NPV) and Is based on push back design via Life-of- 
mine NPV sequencing, taking Into account obtaining the most value block from 
the ground at the eartlest time. To illustrate the NPV sorting, and turning again to 
Figure 4. there Is a question as which of blocks 409, 410 or 411 should be 
20 removed first All three blocks can be removed from the point of view of the ability 
to mine them, but ft may, for example, be more economic to remove block 410. 
before block 409. Removing blocks 409. 410 or 411 does not lead to Violations' 
thus consideration can be given to the order of block removal which Is more 
economic. 

25 NPV sorting Is conducted iii a manner which does not lead to violations of 

the -violation free order', and prc»/ides a table 517 listing an 'executable block 
order*. In other words, this prior art technique leads to a llsUng of blocks, in an 
order which determines their removal having regard to the ebliity to mine them, 
and the economic return for doing so. 

30 Nonetheless, the foregolrig description and prior art techniques, are 

considered to ignore a number Of key problems encountersd In a typical mine 
ImplemenlaUon. An ore body in the ground Is typically modeled as a thrse- 
dlmensional grid of blocks. Each of these blocks has attributes, such as the 
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tonnage of rock and ore contained in the block. Given a three-dimensional block 
model Of an ore body, the mine planner deteimlnes an extraction schedule (an 
extraction ordering of the blocks). In practioe, an extracUon must satisfy a 
number off conshralnts. For example, wall slopes must be maintained below a 
5 defined value to avoid pit waHs collapsing and ttie rales of boti^ removal of earth 
from the pit (mining rate) and ore processing (processing rate) must not exceed 
given limits. The wall slope constraints are usually taken Into account using 
precedence relations between blocks. The removal of a given block requires the 
earlier remcwal of several blocks above it; that is renioval of these several blocks 
1 0 must precede removal of the given blodc 

Typically, the blocks of highest value lie near the bottom of the ore body, 
far underneath the ground. A cash flow stream Is gsnerafed when these blocks 
are excavated and »ie ore within them is sold. Because one can earn interest on 
cash received eariier, the value of a btack increases If H Is excavated earlier, and 
1 5 decreases (or is discounted) If it is excavated later. This concept of discounting is 
central to tfie notion of net present value (NPV). Thus the mine planner seeks an 
extraction schedule that maximizes the net present value of the ore l>ody. The 
net present value forms the objec^ve function of this optimizaUon pn^lem. 

Calculating the NPV of an extraction schedule Is fiar from easy. In cun^nt 
20 approaches, each block is simply ascribed a value in dollars, but in many cases. 
*is value may be only a very crude apj^xlmation, and subject to change. For 
commodities such as copper, ttie planner heeds to know the metal content of the 
btock, the selling price at all future times within the planning horizon, the 
mining/processing coste. and some otlier factors. This is a difficult and 
25 problematic in Itself. 

i-lowever. for blended products such as coal or Iron ore, the problem is 
considered even more difficult. This* foilows from the fact that the values of 
Individual blocks are not known until those blocks have been blended with other 
blocks to form a saleable product An individual block may be of sufficiently low 
30 quality to be con^dered worthless or waste material In isolation. A block having a 
relativeiy average quality may attract a certain price, given the price set for the 
material is based on a minimum quality level. Thus when a block having a 
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relatively higher quality Is extracted* this btocit will receive only frie same value as 
tiie average quaOty Mode because Ifie value Is based on a minimum quality level. 
For this reason, the low quality blocic. virtien blended wltt* the high quality bloc*, 
result In a volume of ore at or above thie minimum quality level and thus the two 

5 ore blcx*8 may be both sold. This 'Wended* price is significantly more than the 
low quality and high quality blocks would be worth in isolation. This enables more 
revenues to be ad^eved ftxim the extraction of resaurce(s). Blending is also 
particular^ valuable fw smootiiing the grade of ore bIoci<s sold when the grade of 
ore blocks coming out of the pit Is relathrely erratic. Thus, the value of a blodt Is 

1 Q unicnown until it is part of a blended extracOon schedule. 

In addition to the factors described above, the sheer dimensions of the 
problem confronting a mine planner, with hundreds of tlK>usands of Wodca and up 
to a 30-year time horizon make It very difficult to find an extraction sdieduie that 
maximizes the total NPV of the mine very difflcult. 

15 It is oonaldered that some prior art approaches approximate heavily, by 

aggregating either bioctcs or time periods, are considered to solve the problem In 
a piecemeal fashion, or relying on heuristic methods. The treatment of blending 
is considered to be done by relatively crude approximations. The prior art 
assumes a value and then seeks to optimise a schedule. But if the assumed 

20 value is not correct, especially over a relatively long period of time, then the 
schedule could not be ct^sidered optimal. 

Other prior art approaches, in the form of some commerda) software, 
enable post-sdiedule blend optimization to be performed. The softwaris 
determines an extraction schedule based on estimated In pit" valuation of each 

25 biodc, and then a blending schedule is developed based on the extraction 
sequence given. This is considered ruTt very accurate In a commercial ^tuation 
as the in-pit valuatl«is are estimates, and thus may be far from reflecting a true 
resulting blended value. Furthemnore» the blending schedule itself Is often 
determlrted by heuristic methods, which may yield far from optimal soluQona. 

30 The Whittle Four-X Analyser ( by Whittle Pty Ltd) attempts to Integrate 

scheduling and blending by iteradvely updating the schedule and blend using a 
fiili-ciimblng heuristic, although the blending optimization is still local in time. 
IMineMAX (by MinelMax Pty Ltd) and ECSI MInex Maximlser (by ECS International 
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Pty Ltd) have partially Integrated scheduling and blending. However, the blocks 
are valued "In ground" in Isolation, not as part of a blend, and the blending 
optimization Is pertbrmed locally In time due to problem size limitations. 

Given the Importance of blending. It Is essential to consider these factors 
S as an Integral part of schedule development improvements in the accuracy of 
the mine model and analysis techniques will clearly lead to Increased mine value, 
which can lead to Increased revenues In the order of many millions of dollars over 
the life of a relatively laige mine. 

Given the commercial significance of a mine and the relatively large scale 
1 0 nature of a mine, there is a need'to Improve mine design and / or the method(s) 
used to design a mine. 

Another object of the present Invention is to alleviate at least one 

disadvantage of the prior art 

Any discussion of documents, devices, acts or knowledge in this 
15 speclflcetton is Included to explain the context of the Invention. It should not be 

taken as an admission that any of the material forms a part of the prior art base or 

the common general knowledge in the relevant art in Australia or elsewhere on or 

before the priority date of the disclosure and claims herein. 

SUMMARY OF INVENTION 
20 The present Invention provides. In one aspect, a method of detemilnlng the 

removal of materials) from a location, the method including the steps of 

calculating revenue, and determining a schedule with regard to grade constraints. 
The present invention provides In another aspect, a method of determining 

the removal of material(s) from a location, the method Including the steps of 
25 calculating revenue, and detenminlng a schedule vrtth regard to Impurity 

constraints. 

Preferably, the detenmlnatton of the schedule Is made with regard to both 
grade and Impurity. 

The present inventton provides, In still another aspect, the detenmlnaflon of 
30 a schedule ac«>rdlng to the expression 1 eis herein disclosed. 

The present Inventton provides In a further aspect, the determinatkan of a 
revenue associated with a schedule allowing for whole and / or fractional 
block/dump and / or panel(8). 
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Other aspects and preferred a^Mcts are disclosed in the specification and 
for defined in the appended claims. 

In essence. In one aspect, the present invention, seeks to blend material 
mined in order to provide saleable material, preferably of a greater volume ttian 
5 material of value extracted directly from a mine. In other words, the present 
invention, based on knowledge of the grade and Impurity of each 
block/clump/panel, includes such Information into the schedule iteration. Tlie 
schedule. In accordance with the present Invention, Is therefore calculated taking 
into account grade arid impurity over a period of time, for example, 1 year. These 
10 factors may also be utilised In integer programs. 

Another aspect of the present Invention serves to provide a revenue 
determination as wliole or partial blocks, clumps and / or panels. This information 
can be used in determining schedule(s>. 

Advantageously. It has been found that the present invention provides the 
15 ability to relatively maximise the volume of material for which revenues can be 
generated from a mining operation. 

The present Invention may be used, for example, by mine planners to 
design open cut mines, but the preserrt invention should not t>e . limited to only 
such an application. 
20 Throughout the specification: 

1 * a ^collection' is a term for a group of objects^ 

2. a 'cluster' is a collection of ore blocks or blocks of othenAdse desirable 
material that are relatively dose to one another In tenns of space and / or 
other attributes, 

25 3. a 'clump' Is formed from a cluster by first producing a substantially minimal 
Inverted cone extending from the cluster to the surfoce of the pit by 
propagating all blodcs in the cluster upwards using the aros that describe 
the minimal slope constraints. Each cluster will have its own minimal 
Inverted cone. These minimal inverted cones are then intersect with one 

30 another and the intersections form clumps, 

4. an 'aggregalion* is a tenm, alttiough mostly applied to collections of blocks 
that are spatially connected (no *^oles" In them). For example, a clump 
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may be an aggregation, or may be "Super blocks" that are larger cubes 

made by joining together smaller cubes or blocks, and 
5. a 'paner is a number of blocks In a layer (bench) within a pushback. 
DESCRIPTION OF DRAWINGS 
5 Further disclosure, objects, advantages and aspects of the present 

application may be better understood by those skilled in the relevant art by 
reference to the following description of preferred embodiments taken In 
conjunction with the accompanying drawings, in which: 

Figures 1 to 5 Illustrate prior art mining techniques, and 
1 0 Figure 6 illustrates schematically an application of the present invention. 

DETAILED DESCRIPTION 

In a preferred embodiment of the present Invention, it Is assumed that all 
blocks in this block model are of equal volume. The present invention has equal 
applicability to block<s). clump(s}, panel(s) and / or any amount/Volume of 
15 material. It is assumed that blended products are created, the sale price of which 
are dependent on the volume of product that meets certeiin specifications of grade 
and Impurities. 

For example* wtfli reference to Rgure 6, there is shown Illustratively the 
outcome of the blending of the present Invention. in blending, a 

20 block/dump/panel 1 having relatively little, no, or waste value may be blended 
(that Is mixed, at least in part) with a block 2 having a value ^ of ore or material, 
in essence, the block 2, atttiough It has a value of $x, wiD only achieve a sale 
price of $y, that is the sale price agreed with the customer. This Is the case 
because, as Is often the case in the sale of mined materials, revenue generated 

25 by the sale of the material Is usually based on a customer agreeing to pay a fixed 
price for matertaiyblocks/clumps. The material sold must meet a certain minimum 
requirement, and Is not usually based In the actual amount of ore or valuable 
material contained In each block/dump/panel. Thus, even though block 2 has a 
value $x, the customer will only pay an agreed price $y, for example. Thus, In the 

30 example Illustrated, 'Hie mining of blodcs 1 and 2 will only generate revenue of $y 
by the sale of block 2 and block 1 will be considered waste. Costs will be Incurred 
also in disposing of the waste block 1 . 
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In accordance wtth the present invention, however, block 1 and block 2 are 
blended in a manner which results ih two blocks, ea<^ having a saleable revenue 
of $y. For the sake of illustration, the blending of these two blocks has resulted In 
two blocks, each of which at least medt the minimunn saleable revenue of $y. The 
outcome of the blend, in the example illustrafed is that two blocks/clumps/panels 
are obtained, each with a revenue value of $y. and thus the overall revenue has 
been raised to 2 x $y. 
CalculatlOTi of Revenue 

The emtxsdiment of the present invention may be expressed as a 
fbrmulatton. In this regard, the mixKi Integer linear program to be solved seete: 
relatively maximal NPV, as a functton of (0 amount of bkx:ks contributed towafxl 
each product, discounted appropriat^y, and taking into account aeiling revenue 
and blending/prooeesing oosts. 01) mining costs, and (pS) costs of placing materjal 
on a waste dump. 

In considering the present inventton, previous techniques iiave assumed a 
"value for each block/dump/panei. In a blended volume of matenal, the value 
cannot be assumed over a period of time. Thus, in aooocdance with the presmt 
invention, revenue whk^ re|»esents a consklerafion in a mine design, may be 
e)^ressedas; 

(Revenue) R= 2:(A. D . i=). E<C . D . E>- 2:(W . D . (E - F )) expression 1 
where: 

A denotes the revenue rscsived from a unit volume of product 
C Is mining cost per t>lock, dump and / or panel 

D represents a variable discount for future values of v^fw) In that v^w) 
denotes the Value* On today's dollars) of a block/ciump/panel having a 
Identification number t, 

E is 1 if the black/clump/panel is excavated and O oUierwise, 

F is a fraction of a block considered to be ore, and 

W is cost of waste per block/clump/panel. 

To utilise the above expressfon, It may be Input to a linear mixed integer 
program solver, in one embodiment, existing linear mixed Integer programming 
solvers may be used to solve a program of the lorm: 
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max Revenue ....expression 2 

subject to precedence constraints 

production rale constraints 
grade constraints 
5 impurity constraints 

Constraints to Ije met are (i) arc precedence constraints. (11) grade 
consbalnts. preferably on an annual basis for each product, (in) impurity 
constraints, preferably on an annual basis for each product, and (Iv) production 
constraints such as mining rate constraints, processing rate constraints and 
10 marketing rate constraints. 

The integer program selects in a relatively NPV-optlmal way: (1) when to 
excavate and process/blend blocks/clumps. (H) what bloclcs/cfumps to blend 
together to achieve grade and Impurity, and (ill) how to allocate blocks/clumps (or 
portions of biodcs) to make each product (or to assign to waste). 
15 A rolatlvely ^'ultimate pit" for a blended mine 

In a forther aspect of the present Invention, the problem of determining a 
relatively ultimate pit design is addressed. In other words, detennlnlng a relatively 
large pft (relatively laige undiscountsd value) that can conceivably encompass a 
schedule that will meet blend constraints. 
20 This aspect of Invention appllos the above expression 2 to a single time 

period (in essence, everything Is considered to happen Instantaneously with no 
discounting). Essentially, everything occurs in one period. In this aspect, there 
are no production rate constraints, but the other constraints are retained. 
Furthenrore, D=1 In expresston 1. 
25 Allowing for fractions of tilooks/clumps/panels in periods 

There is a further need to allow for IracUons of blocks/clumps/panels. This 
results because In a given time period, it is not always possible to extract and / or 
process a whole block/dump/panel. Thus only a fraction may be excavated and / 
or processed. 

30 It has been advantageously detennined that In order to allow for fractions 

of blocks/clumps/panels. In the above expresslon{8) "E' can be replaced by a 
.variable '6\ 




1.1 

where: 

the prescribed variable G represents a portion of a btock/dump/paneli and 
In where 0 ^1 and G ^E. 

While this Invention has been described in connection with specific 
5 embodiments thereof, it will be understood that It is capable of further 
modincation(s). This application Is intended to cover any variations uses or 
adaptations of the invention following in general, the principles of the Invention 
and Including such departures from the present disclosure as come within known 
or customary practice within the art to v^ich the Invention pertains and as may be 
1 0 applied to the essential features herelrriMfore set forth. 

As the present Invention may be embodied In several forms without 
departing from the spirit of the essential characteristics of the Invention. It should 
be understood fiiat the above described embodiments are not to limit the present 
Invention unless otherwise spedfied, but rather should be construed broadly 
15 within the spirit and scope of the invention as defined In the appended claims. 
Various modifications and equivalent arrangements are intended to be Included 
Within the spirit and scope of the invention and appended claims. Therefore, tiie 
spedfic embodiments are to be understood to be illustrath^ of the many ways in 
which the principles of the present invention may be practiced. In the following 
20 claims, nneans-plus-fijnctlon clauses are Intended 1o cover structures as 
performing the defined function and not only structural equivalents, but also 
equivalent structures. For example, although a nail and a screw may not be 
structural equivalents In that a nail employs a cylindrical surface to secure 
wooden parts together, whereas a screw employs a helical surface to secure 
25 wooden parts together. In the environment of fastening wooden parts, a nail and a 
screw are equivalent structures. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: . 

1. A method of determining the removal of materiaUs) from a location, the 
method including the steps of: 

calculating revenue, and 

determining a schedule with regard fo grade constraints. 

2. A method of determining the removal of matorial(s) from a locationi the 
method Including the steps of: 

calculating revenue* and 

determining a schedule with regard to impurity constraints. 

3. In comblnatioHp a method as claimed in dalm 1 and 2. 

4. A method of determining the removal of material($) from a location for a 
mining operation, the method including the step of : 

calculating a schedule, having regard to the expression: 
(Revenue)R« E(A.D-F)- E(C . D, E) - ECW . D . < E- F )) 
where: 

A denotes the revenue received from a unit volume of product 
C is mining cost per block, clump and / or panel 

D represents a variable discount for future values of v^jfo;}. In that v/cu) 
denotes the Value' (In today's dollars) of a block/dump/panei having a 
identification number £, 

E Is 1 if the block/dump/panel is excavated and O other^se. 

F Is a fraction of a block considered to be ore, and 

W is cost of waste. 

5. A method as claimed In claim 4. wherein fraction of block/clump and or 
panel Is calculated by expression: 

(Revenue) R = E(A . D . F) - j:(C . D . G)- j:(W . D . ( G - F )) 
where: 

A denotes the revenue received from a unit volume of product 
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C is mining cost per blocic, clump and / or panel 

D xepresents a variable discount for future values of v/fu;], in that v^xc/) 
denotes the Value' (in toda/s dollars) of a block/clump/panel having a 
identification number 

F is a fraction of a bIoci< considered to be ore« 

G represents a portion of a blod</clump/panel, and in where O ^6 ^1 and 
G :gE « and E is 1 if the bloclc/clump/panei is excavated and 0 othenAdse, and 
W iscost of waste. 

6. A{^aratus adapted to detemiine the removal of material from a location, 
said apparatus including: 

processor means adapted to operate in accordance with a predetermined 
instruction set, 

said apparatus, in conjunction with said instruction set, being adapted to 
perform the method as claimed in any one of claims 1 to 5. 

7. A blocic, dump and / or panel schedule established In accordance with the 
method as datmed in any one of claims 1 to 5, 

8. A computer program product indudlng: 

A computer usable medium having computer readable program code and 
computer readable system oode embodied on said medium for determining the 
. removal of material from a location and operable within a data processing s^tem. 
said computer program product including: 

computer readable code within said computer usable medium for 
determiningi at least In part, a schedule in accordance with claim 7. 

9. A computer program product Indudlng: 

A computer usable medium having computer readable program code and 
computer readable system code embodied on said medium for determining the 
removal of material from a location and operable within a data processing system, 
said computer program product including: 



14 Nov 2002 13r40 SMOORENBURG RTTORNEVS +613 9712 0159 p; 1^ 




14 . 

computer readable cxxle within said computer usable medium for 
determining the removal of material from a location, at least in part, in accordance 
witli ttie method as claimed in any one of claims 1 to 5, 

DATED THIS 14* day of November 2002 
BHP BILUTON INNOVATIOI^ PTY LTD 
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PO Box 9 

Kangaroo Ground VIC 3097 
Australia 
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